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Process for producing trioxan.

@ An energy-saving process for the production
of ftrioxane which comprises forming an
aqueous solution of formaldehyde, synthesizing
trioxane from formaldehyde in the aqueous sol- process flow A
ution in the presence of a solid acidic catalyst
and extracting trioxane from the aqueous solu-
tion, characterised in that prior to any distil-
lation step the aqueous solution containing
frioxane is contacted with a water-insoluble
organic solvent having a boiling point higher
than that of trioxane and being free from any
azeotropic composition with frioxane so as to
form an organic phase containing frioxane and
an aqueous phase containing residual formal-
dehyde, and thereafter the organic phase is
separated into trioxane and the organic solvent
by distillation, the organic solvent is recycled to
effect further frioxane extraction and the
aqueous phase is recycled for reconcentration
in formaldehyde content for re-use in the
trioxane synthesis.

Fig. 1
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EP 0 583 907 A2

The present invention relates to a process for producing trioxane, which is the feedstock material for pro-
ducing polyoxymethylene, from an aqueous solution of formaldehyde. More particularly, it provides a process
for producing trioxane from an aqueous formaldehyde solution which aims at saving energy throughput the
whole process.

In general, a process for producing trioxane from an aqueous solution of formaldehyde comprises the fol-
lowing steps:

(1) synthesizing trioxane from the aqueous solution of formaldehyde in the presence of a catalyst;

(2) separating the aqueous solution of formaldehyde containing the trioxane thus synthesized; and

(3) separating trioxane from the aqueous solution of formaldehyde containing trioxane, followed by the pur-

ification thereof.

One prior-art process for producing pure trioxane comprises synthesizing trioxane by heating and distilling
an aqueous solution of formaldehyde of a concentration of 30 to 70% by weight in the presence of a liquid acid
such as sulfuric acid and taking an aqueous solution of formaldehyde containing the trioxane thus synthesized
out of the reaction system to obtain a distillate comprising from 20 to 55% by weight of trioxane, from 17 to
35% by weight of formaldehyde and from 20 to 50% by weight of water, extracting the distillate with a solvent
insoluble or hardly soluble in water, and rectifying the extract to separate trioxane (Japanese Patent Publica-
tion-B No. 6344/1966).

There are disclosed other processes wherein the liquid acid is replaced by various solid acids as the syn-
thesis catalyst in, for example, Japanese Patent Publication No. 12794/1965, Japanese Patent Publication-A
No. 203985/1983 and Japanese Patent Publication-A No. 134789/1984.

Furthermore, there have been proposed various solvents to be used for extracting trioxane from the triox-
ane-containing aqueous solution of formaldehyde which is taken out of the reaction system by distilling or evap-
orating.

Further, Japanese Patent Publication-A No. 145485/1991 discloses a process for producing trioxane which
comprises feeding an aqueous solution of formaldehyde of a concentration of from 30 to 85% by weight into
a distillation column, pouring a liquid drawn from the bottom of the column into a reactor packed with an acid
catalyst, in particular, a solid acid catalyst, and circulating a trioxane-containing aqueous solution of formalde-
hyde effusing from the reactor to the intermediate tray(s) of the distillation column.

However these prior art processes require much energy, since they comprise synthesizing trioxane from
an aqueous solution of formaldehyde in the presence of an acid catalyst, taking a trioxane-containing aqueous
solution of formaldehyde out of the reaction system and, if necessary, concentrating trioxane by distilling or
evaporating.

When trioxane is taken out of the reaction system by distilling or evaporating, the vapor-liquid equilibrium
among trioxane, formaldehyde and water makes it unavoidable that the gaseous phase (distillate) rich in triox-
ane also contains a large amount of water, as described in the above-mentioned Japanese Patent Publication-
B No. 6344/1966. The evaporation of this water is accompanied by the loss of much heat of evaporation (sen-
sible heat and latent heat), which increases the energy required for the production of trioxane.

Further, Japanese Patent Publication-A No. 49250/1992 proposes a process for extracting trioxane from
a liquid reaction mixture by combining a solid acid catalyst reaction step with an extraction step. This process
comprises preparing two or more reactors, synthesizing trioxane through a reaction under forced circulation
of an aqueous solution of formaldehyde or a mixture of an aqueous solution of formaldehyde with an extractant
in one or more reactors, contacting the reaction mixture with the extractant to thereby extract and separate
trioxane, and using the aqueous formaldehyde solution, from which trioxane has been extracted, as the feed-
stock material for synthesizing trioxane in another reactor. In this process, at least two reactors are indispens-
able and the use of either extractors in a number corresponding to that of the reactors or a single extractor
(column) of a complicated constitution is unavoidable, which costs a great deal for the construction of the re-
action system. When the aqueous formaldehyde solution containing the trioxane thus synthesized is contacted
with the extractant and the solid acid catalyst at the same time, there is a risk that a reaction might proceed
among these substances, when employed for a prolonged period of time, and the catalyst is consequently de-
graded and the reaction yield lowered. In the process disclosed in the above-mentioned patent, trioxane is
synthesized in the first reactor and extracted in the extractor and then the aqueous formaldehyde solution,
the formaldehyde concentration of which has been lowered, is fed into another reactor to be used therein for
synthesizing trioxane, said operations being repeated successively. According to this process, although the
apparent conversion of the feedstock formaldehyde into trioxane is increased, the reaction equilibrium of triox-
ane is successively lowered in the second reactor and thereafter, since the synthesis of trioxane from formal-
dehyde is an equilibrium reaction. Thus the extraction efficiency is successively lowered and the subsequent
isolation of trioxane becomes difficult. In particular, when trioxane is extracted with an organic solvent having
a boiling point lower than that of trioxane, as described in the Example of the Japanese Patent Publication-A
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No. 49250/1992, it is anticipated that the decrease in the reaction equilibrium of trioxane and the decrease in
the extraction efficiency accompanying the same would make it necessary to consume much energy in the
subsequent operation for separating and purifying trioxane.

The conventional processes for producing trioxane as described above have not attempted to achieve sig-
nificant reductions in energy consumption. Specifically there has been no technical proposal for significant en-
ergy savings throughout the whole process.

The present invention is based on the concept of saving energy in the production of pure trioxane from an
aqueous solution of formaldehyde, by extracting trioxane from the synthesis and reaction system with an or-
ganic solvent but without causing any phase change of water and the organic solvent, and subsequently pur-
ifying the trioxane.

Accordingly, the present invention relates to a process for producing trioxane from an aqueous solution of
formaldehyde, characterized by the following steps:

(1) preparing an aqueous solution of formaldehyde of a high concentration;

(2) transferring the aqueous solution of formaldehyde of a high concentration obtained in the above step

(1) into a reactor packed with a solid acid catalyst to form trioxane;

(3) introducing the aqueous solution of formaldehyde containing the trioxane produced in step (2) into an

extractor without causing any phase change to extract the trioxane with a water-insoluble organic solvent

having a boiling point higher than that of trioxane and being free from any azeotropic composition with triox-
ane; and

(4) elevating, after the completion of the extraction of the above step (3), the formaldehyde concentration

of the aqueous phase and returning the aqueous phase to the reactor of the step (2), while separating

the organic solvent phase into trioxane and the organic solvent by distillation and taking trioxane out of
the top of a distillation column and returning the organic solvent obtained from the bottom of the distillation

column to the step (3).

The present invention similarly provides a process for producing trioxane, which comprises forming an aqu-
eous solution of formaldehyde, synthesizing trioxane from formaldehyde in the aqueous solution in the pres-
ence of a solid acidic catalyst and extracting trioxane from the aqueous solution, characterised in that prior to
any distillation step the aqueous solution containing trioxane is contacted with a water-insoluble organic solvent
having a boiling point higher than that of trioxane and being free from any azeotropic composition with trioxane
so as to form an organic phase containing trioxane and an aqueous phase containing residual formaldehyde,
and thereafter the organic phase is separated into trioxane and the organic solvent by distillation, the organic
solvent is recycled to effect further trioxane extraction and the aqueous phase is recycled for reconcentration
in formaldehyde content for re-use in the trioxane synthesis.

The process according to the present invention is characterized in various aspects. Firstly, when trioxane
is synthesized in an aqueous formaldehyde solution and the thus formed trioxane-containing aqueous solution
is taken out of the reaction system, there is no need to concentrate the trioxane by boiling the aqueous solution,
unlike the conventional processes, for example, those described in the Japanese Patent Publication-B No.
6344/1966 and Japanese Patent Publication-ANo. 145485/1991. Namely, the process of the present invention,
wherein the synthesized trioxane is separated from the feedstock formaldehyde solution without causing any
phase change of water, does not require as much energy as the prior art in the evaporation of water. Secondly,
the process of the present invention does not necessitate such a complicated procedure as the one employed
in the process described in the Japanese Patent Publication-A No. 49250/1992 and the trioxane equilibrium
concentration in the reaction mixture can be maintained at a high level, since an aqueous formaldehyde solution
of a concentration continuously regulated to a high level can be fed into the reactor. Thus the extraction of triox-
ane from the reaction mixture and the subsequent separation and purification of the same can be efficiently
conducted. Thirdly, the process of the present invention is characterized in that the extractant is selected by
considering the rationalization of the procedure for separating and purifying the extracted trioxane, thus pro-
viding a process for producing trioxane, whereby significant energy saving can be realized by improving the
efficiency throughout the whole process of the synthesis of trioxane from an aqueous formaldehyde solution
to the purification of trioxane.

The feedstock aqueous solution to be introduced into the synthesis reactor [i.e. for step (2)] should have
a high concentration of formaldehyde. In general, the concentration of the formaldehyde solution is adjusted
to 40 to 85% by weight (based on formaldehyde) in this step. If the concentration of the formaldehyde solution
is less than 40% by weight, only a poor conversion of formaldehyde into trioxane is achieved. If however this
concentration exceeds 85% by weight, the formation of paraformaldehyde makes the operation difficult. It is
preferable to adjust the formaldehyde concentration to 55 to 80% by weight, still preferably 60 to 75% by weight.

The above-mentioned aqueous formaldehyde solution of a high concentration may be prepared from an
aqueous formaldehyde solution or a formaldehyde gas obtained by common methods for producing formal-
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dehyde, for example, the methanol oxidation method (the so-called excess air method and the excess me-
thanol method) and the methylal method (refer to, for example, Japanese Patent Publication-B No.
287051/1989). These starting materials may be concentrated or diluted by operations commonly employed in
the art, for example, absorption, evaporation or distillation. More precisely, when the feedstock aqueous for-
maldehyde solution has a formaldehyde concentration less than the desired level, it may be concentrated by
evaporation or distillation to adjust it to the desired concentration. If the starting material is an aqueous for-
maldehyde solution having a formaldehyde concentration exceeding the desired level or a formaldehyde gas,
then water or an aqueous formaldehyde solution may be added to adjust it to the desired concentration.

The aqueous solution of formaldehyde of a high concentration is transferred to a reactor packed with a
solid acid catalyst to form trioxane [step (2)].

The solid acid catalyst may be any of an organic solid acid, an inorganic solid acid and a mixture comprising
two or more of them. Examples of the organic solid acid include ion-exchange resins having sulfonate or flu-
oroalkanesulfonate groups and examples of the inorganic solid acid include inorganic oxide composites, such
as acid clay, silica, alumina, silica/alumina, alumina/boria and zeolite, and acid carriers impregnated with, for
example, sulfuric, phosphoric or boric acid. The type of the body of the reactor in which these solid acid cat-
alysts are to be packed may be arbitrarily selected from among, for example, those of packed column, pipe,
basket, fluidized bed and plate column types. Factors relating to the reaction, such as the type of the catalyst,
the amount of the catalyst packed in the reactor, the feed rate of the aqueous formaldehyde solution, the res-
idence time and the reaction temperature, cannot be determined indiscriminately, because they relate to each
other. Thus, these factors are to be determined in such a manner that the conversion from formaldehyde to
trioxane proceeds smoothly in the reactor and, in general, the trioxane concentration at the outlet of the reactor
is substantially in equilibrium with that of the feedstock aqueous formaldehyde solution. In the determination
of these factors, the capacity of the reactor may be determined while taking the reactivity and the heat resis-
tance of the catalyst, the output and the practical usefulness into consideration. Among these factors, the re-
action temperature may preferably range from 85 to 130°C in general. It is also preferable to set other conditions
in such a manner as to give a residence time in the reactor of from 25 seconds to 25 minutes in usual. If the
residence time is shorter than 25 seconds, the reaction cannot fully proceed even when a highly reactive cat-
alyst is selected and the reaction is difficult to control. If however the residence time exceeds 25 minutes, a
side reaction, i.e., Cannizzaro’s reaction is promoted. In this case, the disadvantage may arise of having to
use a large reactor.

In the step of contacting the aqueous solution of formaldehyde and trioxane with an organic solvent [step
(3)], the said aqueous is introduced into an extractor without causing any phase change and the trioxane is
extracted with a water-insoluble organic solvent which has a boiling point higher than that of trioxane and is
free from any azeotropic composition with trioxane. It is preferable to use an organic solvent having a density
of from 0.8 to 0.95 or from 1.05 to 1.15 and giving a partition ratio of trioxane in the organic solvent to the aqu-
eous formaldehyde solution of 0.5 or above.

A solvent having a boiling point higher than that of trioxane is used because it is advantageous from the
viewpoint of the energy balance to distill the trioxane, which is the minor component, into the column top side
(gaseous phase) in the distillation after the extraction. It is necessary to use an organic solvent free from any
azeotropic composition with trioxane in order not to complicate the operation after the distillation. Further, the
density of the organic solvent is preferably controlled to be within the range as specified above in order to fa-
cilitate the liquid dispersion and phase dispersion in the extraction. Furthermore, the partition ratio is preferably
regulated to 0.5 or above in order to secure an extraction efficiency above a certain level.

Suitable examples of the organic solvent satisfying the above-mentioned requirements include saturated
aliphatic hydrocarbons, halogenated aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic bydrocarbons,
alkylated aromatics and halogenated aromatic compounds. More particularly, preferable examples thereof in-
clude nonane, 1-chlorooctane, naphthalene, phenyl ether, anisole, monochlorobenzene, dichlorobenzenes
such as o-chlorobenzene, xylenes, acetophenone, benzophenone, diethylbenzene, cumene, mesitylene and
biphenyl.

The method for extracting trioxane in the step (3) is not particularly restricted, and may employ an extractor
as commonly employed in the art. For example, a packed column or a tray column may be used therefor and
the contact may be effected either by the counter flow method or by the parallel flow method. After the com-
pletion of the extraction, the composition of the trioxane contained in the organic solvent usually depends on
the reaction equilibrium concentration depending on the concentration of the aqueous formaldehyde solution
in the synthesis of trioxane and the partition of trioxane in the organic solvent. It usually ranges from 1 to 10%
by weight.

The present invention is characterized by combining the procedure, whereby the trioxane-containing aqu-
eous formaldehyde solution thus obtained in the reactor is introduced into an extractor without causing any
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phase change to extract the trioxane with a solvent, with the use of an extractant satisfying the above-
mentioned requirements, thus largely contributing to the production of pure trioxane by using less energy. Such
an effect is difficult to achieve if trioxane is separated from the reaction system by distilling or evaporating or
if trioxane is extracted with a solvent which does not satisfy the above-mentioned requirements.

After the completion of the extraction of trioxane from the aqueous phase [step (3)], the formaldehyde con-
centration of the aqueous phase is elevated and then the aqueous phase is returned to the synthesis reactor
[for step (2)], while the organic phase is further separated into frioxane and the organic solvent by distillation
and the trioxane is recovered as the distillate, from the top of the distillation column. The organic solvent is
obtained from the bottom of the distillation column and is recycled for re-use [in step (3)].

The aqueous phase to be returned to the synthesis reactor has its formaldehyde concentration increased
by the concentration procedure of the step (1) or by using, for example, a concentrator which is separately
provided. If more than one reactors are used, the aqueous formaldehyde solution may be partitioned at an
arbitrary ratio and then returned to each reactor. Alternately, it may be selectively returned to a certain reactor.
On the other hand, the organic solvent phase is separated into trioxane and the organic solvent by distillation.
Thus trioxane usable in polymerization is obtained from the top of the distillation column while the organic sol-
vent obtained from the bottom of the distillation column is recycled.

The distillation columns to be used in the process of the invention include a tray column, a bubble-cap
column and a packed column. Various distillation methods are usable depending on the organic solvent to be
used and the concentration of trioxane contained in the solution. If the extractant contains trace amounts of
moisture or low-boiling materials such as side products dissolved therein, it is preferable to effect distillation
for eliminating these materials to the distillation for obtaining trioxane.

The process of the present invention for producing trioxane makes it possible to achieve energy saving
throughout the whole process for producing trioxane from an aqueous solution of formaldehyde, with conse-
quential savings in production costs.

A further advantage of the process of the present invention is that the organic solvent to be used in the
extraction of trioxane does not flow into the synthesis reactor. Thus the degradation of the catalyst otherwise
caused by the organic extractant is prevented and, as a result, a high reaction ratio can be maintained for a
prolonged period of time.

Furthermore, the process of the present invention can be easily effected by a less complicated system
than those employed in the conventional processes.

The invention is further illustrated with reference to the accompanying drawings, in which:

Fig. 1 is a flow diagram showing one example of an embodiment of the process of the present invention

for producing trioxane.

Fig. 2 is a flow diagram showing an embodiment of a conventional process for producing trioxane.

Fig. 3 is a flow diagram showing another example of the process flow.

In the said Figures, the reference numerals indicate the following components:

1: still pot,

2: reactor,

3: extraction column,

4: distillation column, and

5: pre-extraction distillation column.

Examples

The following non-limiting Examples, which include a description of the various flow diagrams shown in
the Figures, further illustrate the present invention

In the following Examples 1 to 5, procedures are carried out in accordance with the process flow A of Fig.
1.

Example 1

An experimental system was constructed in accordance with the process flow A of Fig. 1. In Fig. 1, numeral
1 refers to a still pot of a capacity of 3 I, numeral 2 to a reactor filled with 0.2 | (200 cm3) of Nafion NR50 (a
fluororesin ion-exchange resin manufactured by du Pont), numeral 3 to a packed extraction column (inner di-
ameter: 300 mm, height: 1.5 m) filled with Raschig rings and numeral 4 to a distillation column (inner diameter:
300 mm) having 40 sieve trays therein.

First, a 50% by weight aqueous solution of formaldehyde was fed from the line a at a rate of 100 g/hr and
concentrated in the still pot 1 in such a manner as to give a 60% by weight aqueous solution of formaldehyde
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including the one recovered from the extraction column 3 (step (1)]. Next, the concentrated aqueous formal-
dehyde solution was transferred to the reactor 2 maintained at 95°C via the line ¢ to obtain an aqueous for-
maldehyde solution containing 3.5% by weight of trioxane (step (2)]. Next, the solution thus obtained was in-
troduced into the extraction column 3 via the line d while feeding o-dichlorobenzene into the same column 3
from the line g at a flow rate of 2,800 ml/hr to extract trioxane from the aqueous formaldehyde solution [step
(3)1. In practice, dichlorobenzene, which had a high specific gravity, was fed from the column top and the aqu-
eous formaldehyde solution containing trioxane was fed from the lower part of the column, while the extract
containing trioxane was drawn from the column bottom. Next, the extract thus obtained was fed into the dis-
tillation column 4 via the line e for distillation. Thus, 43 g/hr of trioxane was obtained from the top of the distil-
lation column 4 via the line f (step (4)].

Steam was applied mostly to a heater for distillation. A small amount of steam was applied to heaters for
the reactor and transporting pipes.

In this Example, a total of 1.77 g of steam was required in order to obtain 1 g of trioxane and no o-dichlor-
obenzene flowed into the reactor 2.

Example 2

The procedure of the above Example 1 was repeated except that 0.3 1 (300 cm3) of Diaion SK108 (strongly
acidic styrenic cation-exchange resin manufactured by Mitsubishi Chemical Industries, Ltd.) was used as the
catalyst to be packed in the reactor 2, that mesitylene was employed as the organic extractant and that it was
fed from the line g at a flow rate of 15,000 ml/hr.

In this Example, 1.77 g of steam was required in order to obtain 1 g of trioxane and no solvent flowed into
the reactor 2.

Examples 3to 5

The procedure of the Example 1 was repeated except that the catalyst, the organic extractant and the
flow rate of the organic extractant from the line g were altered each as specified in Table 1, similar to Example
2. Table 1 shows the results of Examples 3 to 5 together with those of Examples 1 and 2.

Comparative Example 1

Fig. 2 shows one example of a process flow for the embodiment of a conventional method for producing
trioxane. In this Example, an experimental system was constructed in accordance with the process flow B of
Fig. 2 and the procedure was performed.

In Fig. 2, numeral 1 refers to a still pot of a capacity of 3 |, numeral 2 to a heat evaporation type reactor of
acapacity of 5| to which 2% by weight of sulfuric acid was fed, numeral 5 to a distillation column (inner diameter:
300 mm) having 20 sieve trays therein, numeral 3 to a packed extraction column (inner diameter: 300 mm,
height: 0.5 m) filled with Raschig rings, and numeral 4 to a distillation column (inner diameter: 300 mm) having
20 sieve trays therein.

Similar to the Example 1, a 50% by weight aqueous solution of formaldehyde was first fed from the line a
at a rate of 100 g/hr and concentrated in the still pot 1 in such a manner as to give a 60% by weight aqueous
solution of formaldehyde including the recovered one. Next, the concentrated aqueous formaldehyde solution
was transferred to the reactor 2 via the line ¢ and then evaporated therein under heating. Thus an aqueous
formaldehyde solution containing 17% by weight of trioxane was obtained from the line d. Next, this aqueous
solution was further distilled in the distillation column 5 to obtain an aqueous formaldehyde solution containing
41% by weight of trioxane from the column top. This solution was then introduced into the extraction column
3 via the line h while feeding benzene into the same column 3 from the line y at a flow rate of 200 ml/hr to
extract trioxane from the aqueous formaldehyde solution. Then the obtained extract was fed into the distillation
column 4 via the line e and distilled therein. 40 g/hr of trioxane was obtained from the bottom of this distillation
column 4.

In this Comparative Example, 9.00 g of steam was required in order to obtain 1 g of trioxane.

Comparative Example 2

A system of the same construction as the one employed in the Comparative Example 1 was prepared and
the same procedure was performed except that a nonevaporation type reactor filled with 250 ml of Diaion
pk216 was employed as the reactor 2 and that a distillation column of a inner diameter of 300 mm having 40
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sieve trays therein was employed as the distillation column 5. Thus an aqueous formaldehyde solution con-
taining 3.5% by weight of trioxane was obtained in the line d. Subsequently, the procedure of the Comparative
Example 1 was repeated. Table | shows the result.

Comparative Example 3

Fig. 3 shows another example of a process flow. In this Example, an experimental system was constructed
in accordance with the process flow C of the Fig. 3. The construction of this system in accordance with the
process flow C was the same as that employed in the Example 1 which was constructed in accordance with
the process flow A, except that a reactor filled with 250 ml of Diaion pk216 was employed as a reactor corre-
sponding to the reactor 2 in the process flow A, that a solvent having a boiling point lower than that of trioxane
was employed as an extractant, and that the trioxane distilled in the distillation column 4 was drawn from the
bottom of the distillation column 4 via the line f.

In this Example, trioxane was produced by the same method as the one described in the Example 1 except
that benzene was used as the extractant and fed into the extraction column 3 via the line g at a flow rate of
1,500 mi/hr. As a result, the concentration of the trioxane extracted into the benzene phase was low and, fur-
thermore, an azeotropic composition of benzene with trioxane was formed during the distillation in the distil-
lation column 4. When it was attempted to recover trioxane from the column bottom, it was therefore unavoid-
able that the trioxane was contaminated with a large amount of benzene. When it was attempted to distill off
the whole benzene from the column top, it became impossible to effect distillation and separation.

Comparative Example 4

Trioxane was produced by the same method as described in the Example 3, except that ethylbenzene
was used as the organic extractant. Although ethylbenzene was a solvent having a boiling point higher than
that of trioxane, it formed an azeotropic composition with trioxane. In the distillation, therefore, an azeotrope
of trioxane with ethylbenzene distilled from the column top, thus making isolation of trioxane impossible.

Notes for Table 1:

*I: cation-exchange resin X: a fluoroalkalnesulfonic acid
ion-exchange resin manufactured
by du Pont.

cation-exchange resin Y: a styrenic strongly acidic
cation-exchange resin
manufactured by Mitsubishi
Chemical Industries Ltd.

*x2: naphthalene/diethylbenzene = 9 : 1 (by weight).



EP 0 583 907 A2

oTqIssoduy _ o1dodyoonn e o . A UIsou BEEA N o
UoTau ISP 0oz ‘3urriog-ydiy QUIZUIQ LAY sz 0duyyoxXd-uUo U uouq v “duo)
aTqyssoduT _ . drdoayouzy . . A UTsad 9TeNd £oxd
uoriwIIIIsIp 0051 ‘duirrog-msor ouvrioq 08¢ 03uuYdX2-u0TIBD uotuy( 9 “duen
- a1doajoazy -~ A Ufsou 91Zod AR |
- core 00z ‘JuyTioq-moT ouoeUaq 08¢ 0JURYOX2-U0TIRD uoteiqg u “dunoy
o J1doiqoaze I _ _ praw T "Xy
- 00°6 002 “SUTTT0q-nOT ouozUnq oTangns {l “dwoy
10j0tal | P THA
03UT POMOT] LLT 0062 J%_%Jm“\”_%“ atosjue 0ot mjedey vAUSNZTY S-S v 5
Jur)ovIfX0 ou ¢ JO ujylo0%
10303 d1dodjodzeuou QUOZUDQTAYIOTD A UTSdI Q9TdDY
03uT pamoly Ll ooz '3 ‘ -yan “ ouoeyyduu oz 03urydXx0-uoyIuD uojv v voXd
JUB12217XD OU urtroq-yany /oudeyay [B23Y 13 FOT(
103000l
. o1doajoazuvuou ; L uysau 9TZHd .
O3UT pamory LL'Y 000¢ “SuTT10q-yd 1Yy QUDZUIqQTAY3ITP 0S¢t 03UBLDX0-U0T}UD uotuTq v [N
Juej}ORIIXI OU
1030134
o7doajoazeuou X uysau 80THS .
0jUl pamoTyd LL'T 000ST '3y -us QuaTA31sau 00¢ 0FUBLOXD-UOT 18D UoTu Y z Xy
JUB3I614XD OU T1roq-usyy y 1§ Terq
1030034 5 ,
. jdo.ajodzeuou o _ X Uysoa 0SUN .
0jUT pomoTy LL 1 0082 "AUTTT0q-y3 7y QUDZUDQOIOTYITP-0 00?2 03uByOXa-UDT uofJey v 1 xq
JUrj3oBIIXD OU
aurxoTa]
(4y/Tuw) {(Tw) .
Jo 3 1 8utonpouad aurxord) i e 1 S8ATR0D 18ATBI0RD MOTJ
sileusy JoJ paaynbou ow: 07} JoTARYDY JUEIOEXD Jo ouny umxamuqo Jo ad4L Ja ouwey $S300d]
. Jo "auy Jo Tjuy
weogs Jo (9) cjuy
Loorqug
0 e L b & 8 8 ] 9 3 8




[}

10

18

20

25

30

35

40

45

50

55

EP 0 583 907 A2

Claims

A process for producing trioxane from an aqueous solution of formaldehyde, characterized by comprising
the following steps (1) to (4):
(1) preparing an aqueous solution of formaldehyde of a high concentration;
(2) transferring the aqueous solution of formaldehyde of a high concentration obtained in the above
step (1) into a reactor packed with a solid acid catalyst to thereby form trioxane;
(3) introducing the aqueous solution of formaldehyde containing the trioxane produced in the above
step (2) into an extractor without causing any phase change to extract the trioxane with a water-insolu-
ble organic solvent having a boiling point higher than that of trioxane and being free from any azeotropic
composition with trioxane; and
(4) elevating, after the completion of the extraction of the above step (3), the formaldehyde concen-
tration of the aqueous phase and returning the aqueous phase to the reactor of the step (2), while sep-
arating the organic solvent phase into trioxane and the organic solvent by distillation and taking trioxane
out of the top of a distillation column and returning the organic solvent obtained from the bottom of the
distillation column to the step (3).

A process for producing trioxane, which comprises forming an aqueous solution of formaldehyde, syn-
thesizing trioxane from formaldehyde in the aqueous solution in the presence of a solid acidic catalyst
and extracting trioxane from the aqueous solution, characterised in that prior to any distillation step the
aqueous solution containing trioxane is contacted with a water-insoluble organic solvent having a boiling
point higher than that of trioxane and being free from any azeotropic composition with trioxane so as to
form an organic phase containing trioxane and an aqueous phase containing residual formaldehyde, and
thereafter the organic phase is separated into frioxane and the organic solvent by distillation, the organic
solvent is recycled to effect further trioxane extraction and the aqueous phase is recycled for reconcen-
tration in formaldehyde content for re-use in the frioxane synthesis.

A process as claimed in claim 1 or claim 2, wherein the formaldehyde concentration of the aqueous sol-
ution of formaldehyde to be used for the trioxane synthesis reaction is from 40 to 85% by weight.

A process as claimed in claim 1 or claim 2, wherein the said aqueous solution is obtained either by con-
centrating, when the aqueous formaldehyde solution has a formaldehyde concentration less than 40%
by weight, said solution by evaporating or distilling to the desired concentration, or by adding, when the
aqueous formaldehyde solution has a formaldehyde concentration exceeding 85% by weight or a formal-
dehyde gas is used as the feedstock material, water or an aqueous formaldehyde solution to the feedstock
material to give the desired concentration.

A process as claimed in any preceding claim, wherein the solid acid catalyst comprises an inorganic solid
acid, an organic solid acid or a mixture thereof.

A process as claimed in any preceding claim, wherein the organic solvent has a density of from 0.8 to
0.95.

A process as claimed in any preceding claim, wherein the organic solvent is selected from saturated ali-
phatic hydrocarbons, halogenated aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic hydrocar-
bons, alkylated aromatics, halogenated aromatic compounds, aromatic ethers and aromatic ketones, or
a mixture comprising two or more thereof.

A process as claimed in any preceding claim, wherein any low-boiling substances contained in the organic
solvent phase are removed by distilling or evaporating prior to the separation of the organic solvent phase
into trioxane and the organic solvent by distillation.

A process as claimed in any preceding claim, wherein the temperature of the synthesis reaction is in the
range from 85 to 130°C.
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Fig. 1

process flow A

Fig. 2

process flow B
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Fig. 3

process flow C
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